Persons with spinal cord injury lose lean tissue mass and bone but gain body fat. There is a need to quantify the magnitude of these changes in body composition because there are associated skeletal and cardiovascular health risks. We have compared total body and regional (lower limb) dierences in body composition in a group of males with paraplegia and in healthy able-bodied males matched for age, and height using dual energy X-ray absorptiometry. Although patients and controls had similar body mass indices, signi®cant reductions in lean tissue mass (16% less) and bone (12% less) were observed in those with spinal cord injury. Group dierences were even more pronounced in the lower limb. DEXA also revealed large increases in fat mass in subjects who did not look obese, total fat mass being 47% higher in the paraplegic group. We suggest that DEXA provides a simple and practical means to quantify both whole body and regional changes in body composition associated with spinal cord injury.
Introduction
A spinal cord injury is a devastating and lifethreatening event. Medical intervention aims to reduce the risks associated with traumatic damage to the spinal cord as soon as possible, and as a result, the life expectancy of a spinal cord injured patient today approximates that of an able-bodied person. 1 However, immobilisation is associated with profound changes in the body composition in spinal cord injured (SCI) patients. 2, 3 There is loss of bone-free lean tissue mass (LTM) and bone, but gain in fat mass (FM), and these changes may be regional. The potential risks involved with these changes in body composition have implications for the health of the SCI individual. 2 ± 6 There is evidence that SCI patients are prone to coronary heart disease, non-insulin dependent diabetes mellitus (NIDDM) 4, 5, 7, 8 and bone fractures. 9 ± 11 Thus there is a need to quantitate and monitor body composition changes accurately, in SCI individuals.
Various techniques have been used to assess the extent of changes in body composition in spinal cord injured. These include isotope-labelled water, 12 total body potassium counting, 13, 14 anthropometric measures, 15 hydrodensitometry, 13, 16 dual photon absorptiometry (DPA), 14, 17, 18 and dual energy X-ray absorptiometry (DEXA).
1 ± 3 However, some of these methods are not particularly suitable for use in the SCI population. Hydrodensitometry is a dicult technique for people with restricted mobility and where the level of the cord lesion compromises respiratory muscle function, lung volume measurements are inaccurate. 16 Anthropometric measures tend to underestimate fat per cent when compared with able bodied individuals. 15 Equations necessary for the estimation of body composition from these two techniques are derived solely from able-bodied individuals and as such may not be the most appropriate for determining body composition in SCI. 7 In contrast, DEXA may provide a feasible and practical measure of body composition in SCI. It is safe, with a radiation dose below 5 mrem, and a whole body scan takes approximately 10 ± 20 min. 19, 20 This technique has been used in assessment of SCI and appears to be tolerated well by this population. 1, 2, 21 DEXA provides a precise and accurate measure of body composition, and unlike chemical testing, hydrodensitometry or anthropometry, gives a regional distribution of bone, fat and lean tissue mass. 19, 22 The present short study was undertaken to examine bone and soft tissue changes, using DEXA, in a small group of male paraplegics in comparison with age-and height-matched able-bodied controls.
Methods
The study was approved by the ethics committee of the Southern Regional Health Authority. The patient group comprised ®ve male paraplegics who had sustained their SCI for at least 1 year. Each was ageand height matched (within 5 years and 5 cm, respectively) with two able-bodied male controls obtained from our local DEXA database (n=10). Heights, weights and body mass index (BMI) calculated as weight (kg) divided by height (m 2 ) were measured anthropometrically. Body composition was estimated by DEXA scanning as described previously. 23 A total body scan (Lunar DPX-L, Software version 1.3z, Madison, Wisconsin, USA) was performed on all subjects to determine total body and regional (legs) LTM, bone mineral content (BMC) and FM (kg). Bone mineral density (BMD) measurements (g/cm 2 ) of the left hip (femoral neck, Wards triangle and trochanter) were also taken for the paraplegic group only; and LUNAR reference data have been used to show bone loss at this site.
Results are expressed as means+SD. Independent ttests (SPSS for Windows, 6.1) were used to detect signi®cance between the groups. Statistical signi®cance was set at 0.05. Figures 1 and 2 illustrate the signi®cant dierences found between the groups for leg LTM, FM, and BMC, respectively. The paraplegic group leg LTM was 36% less than the controls, while the leg FM was 52% greater. Leg BMC was also compromised, with the paraplegic group having only 70% that of the control group. Mean+SD. *P50.05, **P50.01 Figure 1 Regional lean and fat mass (kg) for paraplegic and control groups (mean+SD) Figure 2 Regional bone mineral content (BMC) (grams) for paraplegic and control groups (mean+SD) P50.001 
Results

Discussion
Our results illustrate marked dierences in lean tissue mass, bone mass, and fat mass between paraplegic and healthy ambulant males with similar BMI. SCI patients had signi®cantly less lean mass, lean bone mass but more body fat than their controls. Regional tissue compartments of the lower limbs were most aected. The magnitude of dierence in body fat content was particularly striking, given the similarity of BMI and the normal physical appearance of the subjects. Paraplegics with a high fat content do not appear obese, presumably because lost lean tissue has been replaced by extra fat. The large increases in FM we observed were evident throughout the body and concur with the results of Wilmet et al 3 (Hologic W2000) and Uebelhart et al 2 (DPA). However, both these studies described repeated measures of SCI from the acute stage through to approximately 6 ± 12 months post injury in SCI patients, with subjects acting as their own controls. The patients in our study had been paraplegic for at least 1 year. In our study values for fat mass, both total body and regionally, were almost twice as great in SCI patients as in controls. This tendency for SCI to gain FM was also evident in the total body data and again coincide with Uebelhart et al, 2 Wilmet et al . BMI values for our paraplegic group were similar to the controls and both groups were below the BMI considered to signify obesity (BMI427. 8) . 24 Yet from the DEXA measurements it can be seen that our paraplegic SCI were obese, with an average body fat percentage 425% 25 and because of this they may be at greater risk of developing CHD and/or diabetes. Increased incidences of these diseases are reported in SCI and are appearing in younger age groups. 4, 7 Lean tissue loss was also pronounced in the paraplegic group, in the lower limbs, with leg LTM being one third lower than the control group. The magnitude of leg and total LTM loss, we noted, was in agreement with that found in other studies. 2, 3, 5 Loss of LTM may impact on the way in which insulin is managed within the body. An association between glucose intolerance and SCI, attributed to extreme inactivity and increased adiposity, has been reported and appears to coincide with the duration of the lesion. 4, 5, 26 Post prandial glucose uptake is achieved primarily through the muscle mass, 27 therefore it seems possible that loss of this tissue may contribute to the greater risk of developing diabetes in SCI. 4, 5 Total body BMC, in paraplegic patients, was 16% less than the control group and also ®ts with data obtained by others. 2, 3 In spinal cord injury, osteoporosis is thought to be a consequence of immobilisation and neurological de®cit. 18, 28 Sublesional BMC loss is pronounced 18 and our paraplegic group had retained only 70% of the leg BMC of the controls. Bone loss is considered to be greatest in the ®rst 3 ± 6 months following injury, stabilising at approximately 66% of the original, close to fracture threshold, between 12 and 16 months. 18 Fractures may occur in SCI with insigni®cant provocation, and are attributed to large BMC losses. 9, 11 Reductions in hip region BMD were large, with the average femoral neck BMD being 74% that of agematched controls (LUNAR database). BeDell et al 29 (DEXA) found 79% BMD for the femoral neck in a group of paraplegics of similar duration of injury. This places our paraplegics in a high risk category for fracture. 30 One of our SCI patients had lost 45% of his BMD at the femoral neck and was also using orthosis-assisted walking as a rehabilitative tool. Although`verticality' has had both physiological and psychological bene®ts in SCI, 31, 32 thought needs to be given to the BMD at an important weight-bearing site and its capability of sustaining the body weight.
Wards triangle (WT) and the greater trochanter (T) showed marked changes which were on average 75% and 68% respectively, below LUNAR norms. These ®gures are, again, slightly below those found by BeDell et al 29 82% (WT) and 71% (T), and support the extent of bone loss at the hip associated with spinal cord injury.
In conclusion we have shown that DEXA can be used to quantitate body composition simply and accurately in SCI patients. It is particularly easy to underestimate the adiposity of these patients who have abnormally low lean tissue mass for a given body weight, but more fat. Implications for the magnitude of regional and total body changes in SCI illustrate the need to monitor these changes and institute a preventive program early in rehabilitation. While it appears that little can be done, at present, to prevent bone losses, speci®c dietary and exercise programmes could be used to preserve the lean tissue and to reduce fat accumulation. Our results indicate that DEXA appears to be the most practical method to date to assess body composition accurately and we suggest that it should be employed more widely in SCI patients.
